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Scientists reel in structure of salmon virus

July 28 2017

N-domain

The first complete structure of an M1 protein from an infectious salmon anemia
virus, as revealed by scientists at Rice University. The structure of the protein,
which forms a protective shield around the viral contents, is similar to that of
influenza viruses that infect humans, but no structures for those have been
produced that show both the N and C domains. Credit: Tao Laboratory/Rice
University
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The structure of a protein key to the survival and spread of a virus that
affects salmon could inform strategies to treat the flu in humans,
according to scientists at Rice University.

The Rice lab of structural biologist Yizhi Jane Tao produced the first full-
length structure of the matrix protein found in an orthomyxovirus that
causes anemia in Atlantic salmon. Because the protein's structure and
function are so similar to what has been found so far in influenza

viruses, Tao expects they will be useful in determining the mechanisms
of human viruses as well.

"This virus and all the influenza viruses belong to the same family, so
they assemble in a very similar way," she said. "Although this protein is
from a fish-infecting virus, it will give us insight as to how the matrix
proteins support the assembly of other viruses."

The discovery is detailed this month in the Proceedings of the National
Academy of Sciences.

Tao's lab specializes in X-ray crystallography and other techniques to
reveal the basic structures of molecules like the fragile matrix protein
dubbed M1. Many attempts to define the complete structure have failed
because the protein has two major sections: the N and C domains.

Because the thin strand of residues that holds the domains together falls

apart so easily, researchers until now have only been able to capture N
domain structures through crystallization.
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A three-dimensional rendering of the structure of the infectious salmon anemia
virus. The rendering shows, from top, the mushroom-shaped glycoprotein, the
outer membrane leaflet, the inner membrane leaflet and the matrix protein shell.
Rice University scientists have obtained the complete structure of proteins that
make up the inner shell. Credit: Tao Laboratory/Rice University
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M1 may be fragile on its own, but it becomes a tough shell when it binds
with other M1 proteins to form a spherical or tubular matrix that
encapsulates and protects the viral RNA. This matrix sits just inside a
lipid bilayer, the outer envelope of the virus that incorporates long
glycoproteins. These glycoproteins seek out and attach to target cells
with their ectodomains, while their cytoplasmic tails serve as a bridge to
the N domain of the matrix protein. The C domain points inward from
the matrix and is a bridge to the viral load inside.

"M1 helps to support the shape," Tao said. "That is a major function for
any matrix protein. The matrix also helps to incorporate the viral RNA.
Presumably, if there's no matrix protein, you end up with an empty
vesicle."

The elbow-shaped structure of the M1 found in the infectious salmon
anemia virus has six tightly packed alpha helices that make up the N
domain and closely resemble those found in strains of influenza A. On
the other side of the flexible hinge, the "elbow," lies the C domain with
four alpha helices. Both domains have hydrophobic cores to stabilize
them around the hinge that can vary by as much as 40 degrees.

Tao said having the complete structure of the protein will help
researchers determine how it and others like it polymerize into a
protective shell and associate with the membrane. "Knowing the
structure of only one domain, we could not understand how matrix
proteins interacted with each other to form the shell," she said. "The
interaction involves both domains."
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A cryoelectron tomography image of the infectious salmon anemia virus shows
details of its structure, including the inner matrix protein shell. Rice University
scientists have now obtained the complete structure of proteins that make up the
inner shell. Credit: Tao Laboratory/Rice University

She said the full structure could also provide clues for future flu
antivirals. A treatment that addresses M1 would have to find and invade
the virus-infected cells.

"But if there's a chemical that can interrupt the self-association of M1
proteins, it's going to be very useful," Tao said. "I don't think it matters
which domain it binds, as long as it prevents the shell from forming. This

could be a valid target."

More information: Crystal structure of an orthomyxovirus matrix
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protein reveals mechanisms for self-polymerization and membrane
association, DOI: 10.1073/pnas. 1701747114,
www.pnas.org/content/early/201 ... /1701747114.abstract
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